The present report describes the dynamic foundations of long-standing experimental work in the field of oscillatory dynamics in the human and animal brain. It aims to show the role of multiple oscillations in the integrative brain function, memory, and complex perception by a recently introduced conceptional framework: the super-synergy in the whole brain. Results of recent experiments related to the percept of the grandmother-face support our concept of supersynergy in the whole brain in order to explain manifestation of Gestalts and Memory-Stages. This report may also provide new research avenues in macrodynamics of the brain.
Introduction
The present report aims to show the role of multiple oscillations in the integrative brain function, memory, and complex perception through a recently introduced conceptional framework: the super-synergy in the whole brain. The contents of this paper comprehend presentation and new synthesis of experimental work, covering 30 years of experience of our research groups. Results of recent experiments related to the percept of the grandmother-face support our concept of supersynergy in the whole brain and may provide new research avenues in macrodynamics of the brain. The tutorial companion report [Basar, 2004] , which describes some of the important developments for the understanding of integrative brain function, may also provide a useful reading to explain the rationale of starting with the type of experiments presented in this report.
Multiple oscillations in brain function
The new trend towards the treatise of brain oscillations imply the following immediate thoughts:
(1) Not only single neurons, but neurons assemblies, (2) not only spikes of single neurons, but oscillatory activity of neurons and neural assemblies, (3) not only movements but cognitive processes and memory processes are interwoven in the integrative brain function. These concepts have not been included in Sherrington's description of integrative brain activity, and neuroscience needs a new framework or theories and possibly new rules to analyze the integrative brain function. The functional importance of distributed multiple oscillations in the brain was first emphasized in a series of reports of our research group [Başar & Ungan, 1973; Başar et al., 1975; Başar, 1992] . Further, the relevance of the superposition principle and long distance synchronization in the brain was also shown already in 1970s [Başar et al., 1979; Başar, 1980] . The concerted activity of alpha, theta, delta, beta and gamma oscillations was measured in structures as reticular formation (RF), Hippocampus (HI), thalamus and sensory cortices, and it was assumed that this fact is one of the important frameworks in brain's signal processing. The trend in analyzing the integrative brain functions by means of multiple oscillations and long distance coherences is rapidly increasing Gruzelier et al., 1996; Bullock, 1992] .
A fundamental unsolved process in neuroscience concerns the manner in which the vast array of parallel processing occurs in the brain at any given time, the diverse neural activities are bound together or integrated [Haig et al., 2000] . For instance, a visual image of an object contains a collection of features which must be identified and segregated from those comprising other objects. Generally it is assumed that different features of the image are processed by different areas of the brain. How then is the spatially distributed processing relating to one percept integrated? This process is known as the binding problem [Singer & Gray, 1995] .
What is the role of oscillations in memory processing?
According to Fuster's [1997] view memory reflects a distributed property of cortical systems. An important part of higher nervous function, as perception, recognition, language, planning, problem solving and decision-making, is interwoven with memory. Memory is a property of the neurobiological systems it serves and inseparable from their other functions. By surveying the data presented in this review it can be hypothesized that the selectively distributed oscillatory systems (or networks) may provide a general communication framework and can be a useful concept for functional mapping of the brain [Mesulam, 1990 [Mesulam, , 1994 . As early as 1985 we have used the expression "dynamic memory" for cognitive performances of short states that are manifested with short regular oscillatory states. Experimental designs by Klimesch and Gruzelier and co-workers [Klimesch et al., 1994; Klimesch, 1999; Burgess & Gruzelier, 2000; Haenschel et al., 2000; Egner & Gruzelier, 2001] [Başar, 1980 [Başar, , 1998 Schürmann et al., 2000; Başar et al., 2001] .
important by adding new steps to the general framework of function-related oscillations. This view is in accordance of Başar et al. [1999 Başar et al. [ , 2000 emphasizing, in the line of Fuster-statements, that every oscillation-response is perception and memory related.
Super-synergy in the whole brain and the grandmother percept
The results of a broad range of papers surveyed in the present report suggest that the binding problem cannot be solved solely with the oscillatory dynamics in the narrow gamma band. Accordingly, we suggest that the super-synergy of at least six submechanisms in the whole brain may present a more plausible approach for integration in the brain.
Our recent experiments introducing a new strategy of measurements indicate that the percept of grandmother is manifested with multiple oscillations in the whole brain, thus supporting the newly introduced super-synergy concept [Başar et al., 2001a [Başar et al., , 2001d .
Selectively Distributed Oscillatory Systems in Brain Function: Distributed Multiple Oscillations in Brains

Concept, definition, methods
The functional significance of oscillatory neural activity begins to emerge from the analysis of responses to well-defined events (event-related oscillations, phase-or time-locked to a sensory or cognitive event). Among other approaches, it is possible to investigate such oscillations by frequency domain analysis of event-related potential (ERP), based on the following hypothesis [Başar, 1980 [Başar, , 1998 ].
The EEG consists of the activity of an ensemble of generators producing rhythmic activity in several frequency ranges. These oscillators are active usually in a random way. However, by application of sensory stimulation these generators are coupled and act together in a coherent way. This synchronization and enhancement of EEG activity give rise to "evoked" or "induced rhythms". Evoked potentials representing ensembles of neural population responses have been considered as a result of transition from a disordered to an ordered state. The compound ERP manifests a superposition of evoked oscillations in the EEG frequencies ranging from delta to gamma ("natural frequencies of the brain" such as alpha: 8-13 Hz, theta: 3.5-7 Hz, delta: 0.5-3.5 Hz and gamma: 30-70 Hz).
Time-locked responses of specific frequency after stimulation can be identified by computing the amplitude frequency characteristics (AFCs) of the averaged ERPs [Başar, 1980; Röschke et al., 1995; Yordanova et al., 1997] . The AFC describes the brain system's transfer properties, e.g. excitability and susceptibility, by revealing resonant as well as salient frequencies. It therefore does not simply represent the spectral power density characterizing the transient signal in the frequency domain but the predicted behavior of the system (brain) if sinusoidally modulated input signals of defined frequencies were applied as stimulation. As reflecting the amplification in a given frequency channel, the AFC is expressed in relative units. Hence, the presence of a peak in the AFC reveals the resonant frequencies interpreted as the most preferred oscillations of the system during responding to stimulus. In order to calculate the AFCs, ERPs were first averaged and then transformed to the frequency domain by means of one-sided Fourier Transform . Double logarithmic presentation: along the abscissa -log (frequency), along the ordinate -relative amplitude in decibels (from [Başar, 1980] ).
(Laplace transform, see [Solodovnikov, 1960; Başar, 1980] as shown in Fig. 1 . An AFC is illustrated in Fig. 2 demonstrating that auditory stimuli produce prominent resonant responses in the theta, alpha, and gamma (40 Hz) frequency bands in the cat hippocampus (from [Başar, 1980] ).
The AFCs serve also to define filter limits for response-adaptive digital filtering of the averaged ERPs. The filtered curves obtained in this show the time course of oscillatory activity in a certain frequency range (Fig. 3) .
More recently, a new technique called "wavelet analysis" has been applied to ERP analysis. Wavelet analysis confirms the results obtained by using the AFCs and digital filtering. In addition, wavelet analysis can be used for signal retrieval and selection among a large number of sweeps recorded in a given physiological or psychological experiment.
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See Fig. 4 [ Demiralp et al., 1999; Başar, 1999; Başar et al., 1999 Başar et al., , 2001a Başar et al., -2001d . The method of AFC has an important advantage to wavelet analysis: It allows a global view of all frequency responses together, while in wavelet analysis the investigator rather arbitrarily defines windows. This search often leads to misinterpretations by orienting the search to special windows (for example, in most of the studies only gamma band is selected).
As will become clear below, the combination of these methods yields results leading to the conclusion that alpha-, theta-, delta-, and gamma-responses are brain responses related to psychophysiological functions, in short, "real signals" [Başar, 1998 [Başar, , 1999 Başar et al., 2001a Başar et al., -2001d . We intend to show that these oscillations have multiple functions and may act as universal operators or codes of brain activity. Besides frequency and site of oscillations, several other parameters are dependent on specific functions, namely enhancement, time locking, phase locking, delay and duration of oscillations (for a review of methods to assess these parameters, see e.g. . For the description of differences between phase-locking and time-locking of event-related EEG activity we refer to Başar [1980] , Kalcher and Pfurtscheller [1995] and Başar [1999] .
Gamma oscillations in sensory, cognitive, and motor processes
Since the gamma band attracted special attention in the last two decades we start with this window. A long and general chronological survey related to the oscillatory responses at cellular level was performed in [Başar, 1998 ]. The relevant work in this field will be mentioned also in appropriate sections of this review. As for event-related gamma oscillations, the most prominent examples nowadays are oscillatory responses in the frequency range of 40-60 Hz occurring in synchrony within a functional column in the cat visual cortex [Eckhorn et al., 1988; Gray & Singer, 1989] . This has been suggested as a possible mechanism of feature linking in the visual cortex, being related to the "binding problem". This theory, however, does not fully explain the "ubiquity of gamma rhythms" [Desmedt & Tomberg, 1994; Schürmann et al., 1997] . In this respect, it may be helpful to consider further studies of gamma oscillations, partly going back to Lord Adrian [1942] . While the interpretations are heterogeneous, the empirical findings may be roughly classified into sensory (or obligatory)
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versus cognitive gamma responses. Some examples of sensory functions follow here: Auditory and visual gamma EEG responses are selectively distributed in different cortical and subcortical structures: They are phase-locked stable components of EPs in cortex, hippocampus, brain stem, and cerebellum of cats occurring 100 ms after the sensory stimulation with a second window of approx. 300 ms latency (see Fig. 5 ) [Başar, 1980; Başar et al., 1987; Başar, 1999] . The earliest study of gamma auditory response has been recorded by Başar andÖzesmi [1972] and Başar and Ungan [1973] in cat hippocampus and later confirmed by Leung et al. [1992] . A recent review [Keil et al., 2001] presents evidences supporting the fact that gamma oscillations are involved in several aspects of visual processing.
(1) Sensory processes: A phase-locked gamma oscillation is also a component of the human auditory and visual response as Fig. 6 shows [Başar et al., 1987; Gurtubay et al., 2001] . A new strategy by application of six cognitive paradigms showed that the 40 Hz response in the 100 ms after stimulations has a sensory origin, being independent of cognitive tasks [Karakaş & Başar, 1998 ].
(2) The auditory MEG gamma response is similar to human EEG responses with a close relationship to the middle latency auditory evoked response [Pantev et al., 1991] .
(3) Cognitive processes: Several investigations dealt with cognitive processes related to gamma responses, some of them based on measuring the P300 wave. This positive deflection typically occurs in human ERPs in response to "oddball" stimuli
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Basar et al. [Başar-Eroglu & Başar, 1991] Int. J. Neurosci. 60, [239] [240] [241] [242] [243] [244] [245] [246] [247] [248] or omitted stimuli interspersed as "targets" into a series of standard stimuli: A P300-40 Hz component has been recorded in the cat hippocampus, reticular formation and cortex (with omitted auditory stimuli as targets). This response occurs approx. 300 ms after stimulation, being superimposed with a slow wave of 4 Hz illustrated in Fig. 7 [Başar-Eroglu & Başar, 1991] . Preliminary data indicate similar P300-40 Hz responses to oddball stimuli in humans . However, a suppression of 40 Hz activity after target stimuli has also been reported [Fell et al., 1997] . In a recent study the gamma band activity in an auditory oddball paradigm was analyzed with the wavelet transform. A late oscillatory peaking at 37 Hz with a latency around 360 ms was observed appearing only for target stimuli [Gurtubay et al., 2001] . The superimposed theta-gamma complex pattern is analyzed recently also in modeling studies [Baird, 1999; Kiss et al., 2001] . A study in the human limbic system also confirms the synchronization of gamma rhythms during cognitive tasks [Fell et al., 2001] .
During visual perception of reversible or ambiguous figures a significant increase (almost 50%) in human frontal gamma EEG activity has been recorded [Başar-Eroglu et al., 1996b] . The spatiotemporal magnetic field pattern of gamma band activity has been interpreted as a coherent rostrocaudal "sweep of activity" [Llinas & Ribary, 1992] . Sakowitz et al. [2001] reported significant gamma response amplitude increases in distributed areas of the brain and a 100% frontal theta enhancement by bimodal stimulation compared to unimodal one. Tallon-Baudry et al. [1998] reported that retrieval of visual experience from short-term memory is associated with 40 Hz activity.
Further, experimental data indicates that electrical stimulation evokes gamma oscillations also in isolated invertebrate ganglia. This finding clearly shows that, in absence of perceptual binding or higher cognitive processes the gamma response is still present [Schütt et al., 1999] . In conclusion, gamma oscillations possibly represent a universal code of CNS communication [Başar, 1998 [Başar, , 1999 . This view might also serve as a synthesis overcoming controversies in earlier reports. See also [Başar & Bullock, 1992; Başar-Eroglu et al., 1996a; Başar et al., 2001a Başar et al., -2001d .
Alpha oscillations in perception and cognition: The alphas
Alpha oscillations in functional EEG gained importance in the last decade as we indicated as a "renaissance of alpha" . Observations at the cellular level are noteworthy: Evoked oscillations in the 8-10 Hz frequency range in visual cortex neurons upon visual stimulation suggest a relation to scalp-recordable alpha responses [Silva et al., 1991; Dinse et al., 1997] . Thalamocortical neurons are discharged in the alpha band [Steriade et al., 1990] . Alpha responses from different structures of the cat brain are presented in Fig. 4 . The sum of these observations permits a tentative interpretation of alpha as a functional and communicative signal with multiple functions. This interpretation of 10 Hz oscillations (at the cellular level, or in populations) might be comparable to the putative universal role of gamma responses in brain signaling.
In the auditory and visual pathways in cats, adequate stimuli elicit alpha responses (damped 10 Hz oscillations of approx. 300 ms), are visible without filtering [Başar, 1980 [Başar, , 1998 [Başar, , 1999 (for confirmation by wavelet analysis, see [Başar 1998; Başar et al., 2001a Başar et al., -2001d ). Thalamo-cortical circuits are not unique in generating alpha responses. Hippocampal and reticular 10 Hz responses are relatively modality-independent, hinting at possible supra-modal functions.
The interpretation of alpha rhythms as an "idling rhythm" rests on observations such as blocking of "spontaneous" occipital alpha oscillations upon opening of the eyes or blocking of central mu rhythm upon movement onset [Kuhlman, 1978] ("event-related desynchronization" [Pfurtscheller et al., 1997] ). A reverse effect (increase of mu rhythms during visual information processing, "event-related synchronization" [Koschino & Niedermeyer, 1975; Pfurtscheller et al., 1997] has also been reported. However, co-existing with these well-known phenomena and in relationship with Adrian's "evoked alpha" [1942] , several forms of "functional alpha" have been observed during sensory and cognitive processes [Başar, 1998 [Başar, , 1999 Başar et al., 1997] . Examples of such functionrelated alpha responses are given in the next section.
Sensory components
Example.
The alpha response in cross-modality measurements in the cat brain. are alpha-type responses. By contrast, Fig. 9 refers to a circumstance under which alpha responses cannot be recorded, i.e. to a measurement with inadequate stimulation. Note the lack of time-locking and the lack of amplitude increase. Thus, alpha responses were recorded with adequate stimuli in primary sensory areas. Adequate versus inadequate differences were larger for alpha responses than for theta responses, demonstrating the functional relevance of frequency components. As an aside, in "cross-modality" recordings from the auditory cortex (gyrus ectosylvianus anterior) of the cat brain we observed a complementary effect -large alpha enhancements were present in auditory EP recordings. In visual EP recordings from the auditory cortex such alpha enhancements were not observed.
Critics might argue that the filtering procedure gives rise to this type of enhancements. However, even the averaged visual EP without filtering Fig. 8 shows a 10 Hz oscillatory waveform. The fact that
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Basar et al. [Schürmann, M., Başar-Eroglu, C. & Başar, E., 1996] eds. Başar, E., Hari, R., Lopes da Silva, F. H., Schürmann, M. "Brain alpha activity -New aspects and functional correlates," Int. J. Psychophysiol., Special Issue 26, this is absolutely not the case is shown by several studies. The reader is referred to different reviews by Başar [1998] and Başar et al. [2001] .
Examples.
Alpha responses in human EEG and MEG in cross-modality experiments.
It is useful to compare the cat data to EEG and MEG recordings in humans. EEG measurements were performed in N = 11 subjects [Başar & Schürmann, 1994] . Figure 10 shows filtered curves computed from grand averages of occipital recordings (O 1 ). The upper half of the figure shows theta responses whereas the lower half shows alpha responses. The alpha response to auditory stimulation (inadequate for the visual cortex, occipital located) is on the left, where the response is of low amplitude. The response to visual stimulation, however, is on the right, with a distinct alpha response. Note that the adequate-inadequate difference is less for the theta response. The hypothesis as given previously is thus supported: As observed in cats it is mainly the alpha response, which is dependent on whether or not a stimulus is adequate. A correlation between the alpha response and primary sensory processing is thus plausible both for human and for cat EEG-EP data.
MEG measurements were performed both with a BTI 7 channel MEG system [Saermark et al., 1992] and with a PHILIPS 19-channel MEG system Başar et al., 1992] . The methods used were similar to those used for EEG recordings where possible. We used auditory stimuli (2000 Hz; 80 dB sound pressure level) and selected sensor positions close to the auditory cortex and close to the visual cortex.
The data shown in Fig. 11 were obtained with the 7-channel system where the different positions required two experimental sessions. Panel A shows temporal recordings, Panel B occipital recordings, in both cases with auditory stimuli. The underlying cortical areas being the primary auditory cortex and the primary visual cortex, auditory stimuli are regarded as adequate in the first case (Fig. 11 , panel A) and as inadequate in the second case (Fig. 11, Here g x = g is the process defined by (4.2). We set
Cognitive components
g x,ε (t, τ ) and
The following proposition is due to Fang. longed event-related alpha oscillations up to 400 ms were observed as firstly published by Stampfer and Başar [1985] and later with a clear demonstration by means of single sweep analysis by Kolev et al. [1999] (see also [Başar, 1998 [Başar, , 1999 ). Memory related event-related alpha oscillations can be observed in well-trained subjects one second before an expected target [Maltseva, 2000] . New results [Klimesch et al., 1994; Başar et al., 1997] demonstrate that alpha activity is strongly correlated with working memory and probably with long term memory engrams.
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In Fig. 12 it is clearly shown that during cognitive tasks (oddball) the alpha oscillatory response is considerably prolonged in comparison to simple auditory EPs.
The co-existence of evoked alpha oscillations with alpha blocking and event-related desynchronization [Pfurtscheller et al., 1997] hints at multiple processes being reflected in alpha oscillations. Examples of such co-existence are earlier measurements where high amplitude spontaneous alpha activity coincided with alpha blocking while low amplitude alpha preceded EPs of high amplitude [Başar, 1998; . New studies show a plausible superposition of several types of alpha oscillations together in a schematical form. [Krause et al., 2001 ] also reported event-related synchronizations and desynchronization together. For more complete descriptions of function-related alpha the reader is referred to ; some examples follow in the next paragraph.
The experiments showed that damped alpha activity is not present in all parts of the brain or elicited by all types of stimuli: Only by the combination of EP frequency analysis, of adequate stimuli and of appropriate electrode positions such activities can be demonstrated. The results underline the following properties of the neural tissues under study: In the 10 Hz frequency range (filter limits: 8-14 Hz) we recorded large enhancements of single visual EPs in the visual cortex (also reflected in the amplitude frequency characteristics in the shape of a dominant 12 Hz peak). In the language of systems theory significant (sharp) peaks in the amplitude characteristics of the transfer function characterize resonant behavior of the studied system. One may also express this behavior as tuning of the "device", or one might express the resonant frequency channels as the "natural frequencies" of the system. Similar to the gamma band the selectively distributed alpha system in the brain is interwoven with multiple functions and control functions:
(a) The 10 Hz processes may facilitate, association mechanisms in the brain: When a sensory or cognitive input elicits "10 Hz wave-trains" in several brain structures then it can be expected that this general activity can serve as a resonating signal "par excellence" [Başar, 1980] . (b) Alpha activity controls EPs. Experiments of several authors point out, that the amplitude, time course, and frequency responses in EPs strongly depend on the amplitude of the prestimulus alpha activity ].
Again, parallel observations at the cellular level are noteworthy: Evoked oscillations in the 8-10 Hz frequency range in visual cortex neurons upon visual stimulation suggest a relation to scalprecordable alpha responses [Silva et al., 1991; Dinse et al., 1997] . The sum of these observations permits a tentative interpretation of alpha as a functional and communicative signal with multiple functions. This interpretation of 10 Hz oscillations (at the cellular level, or in populations) might be comparable to the putative universal role of gamma responses in brain signaling.
Theta oscillations in perception and cognition
Theta discharges are recorded from hippocampal neurons [Miller, 1991] , neurons in n. accumbens, as well as cortical neurons. Hippocampal-cortical (frontal) networks operate in the theta frequency range. Theta cells in the hippocampus with multiple sensory behavioral correlates are described by Best and Ranck [1982] . Theta EEG response are recorded in rats [Miller, 1991] , cats, humans [Başar, 1999] . In the following there are some examples related to theta oscillations in perception and cognition:
(1) Experimental data suggests that event-related theta oscillations are related to cognitive processing and cortico-hippocampal interaction [Miller, 1991; Klimesch et al., 1994; Başar, 1999] . (2) Theta is the most stable component of the cat P300-like response [Başar, 1998 [Başar, , 1999 Sakowitz et al., 2000] . (3) Bimodal sensory stimulation induces large increases in frontal theta response thus demonstrating that complex events require frontal theta processing [Başar, 1989 [Başar, , 1999 Sakowitz et al., 2000] . (4) Event-related theta oscillations are prolonged and/or have a second time window approx. 300 ms after target stimuli in oddball experiments. Prolongation of theta is interpreted as being correlated with selective attention Başar-Eroglu et al., 1992] . (5) Event-related theta oscillations are also observed after an inadequate stimulation whereas event-related alpha oscillations are not existent if the stimulation is an inadequate one. Accordingly, the associative character for event-related theta oscillations is more pronounced than for higher frequency eventrelated oscillations . (6) "Orienting" -a coordinated response indicating alertness, arousal or readiness to process information -is related to theta oscillations and manifested in cat experiments during ex- Int. J. Psychophysiol. 13, [147] [148] [149] [150] [151] [152] [153] [154] [155] [156] [157] [158] [159] [160] ploration and searching and motor behavior [Başar, 1998 [Başar, , 1999 . (7) Time-locked theta response reflects interindividual differences in human memory performance . (8) Event-related increased frontal theta response by bimodal stimulation, shows that stimulation enhance the frontal theta response [Sakowitz et al., 2000] . (9) Results of Miller [1991] on cortico-hippocampal signal processing support the functional role of theta transmission in all cognitive states related to association. (10) The review by Başar-Eroglu and Demiralp [2001] indicates that theta response can be associated to several sensory cognitive mechanisms, the distributed theta system of the brain being assigned mostly to associative processes.
Example on theta response: Demiralp and Başar [1992] have measured significant theta responses following expected visual and auditory targets. Their results help to understand the functioning of the selectively distributed theta system of the brain. EPs as well as ERPs were recorded from healthy 10 subjects in auditory and visual modalities (only visual EPs will be shown in this chapter). For ERP recordings "the omitted stimulus paradigm" was employed, in which the subjects were expected to mark mentally the onset time (time prediction task) of the omitted Visual Stimulation Filter:3-6Hz stimulus (target). The bottom row of Fig. 13 shows the unfiltered averaged responses, superimposed, of 10 subjects recorded from F3, P3 and O1 lead upon application of the standard visual EP paradigm (VEP). The upper row of Fig. 13 illustrates the responses of the same subjects to the third attended visual stimuli (3.ATT) in the visual omitted stimulus paradigm. In this paradigm, theta responses are visible even without filtering. Especially the frontal EP response looks like an "almost pure theta oscillation" visible without filtering. The averaged responses were filtered in various frequency bands by means of digital filters with zero phase-shift (band limits selected according to maxima in amplitude frequency characteristics). Figure 14 shows the visual EPs (VEP, bottom) and the responses to the third attended light stimuli (3.ATT, top) in the omitted stimulus paradigm (superimposed) and the grand averages obtained in both conditions filtered in the theta frequency band (3-6 Hz). Note that the similarity between wideband filtered curves (Fig. 13 , above) and thetafiltered curves Fig. 14 above is highest for frontal recordings ("pure theta" responses).
The highest, statistically significant, theta increases during cognitive performance were obtained in frontal and parietal recording sites. In the visual modality the theta response increase in the frontal recording site was slightly higher than that in the parietal recording site (48% versus 45%). Since the cognitive task in this study was also mainly based on anticipation to an expected stimulus, it is not surprising that the greatest changes are in frontal regions.
According to the review of results described above it is clear that event-related theta oscillations can be considered as important building blocks of functional signaling in the brain. Research shows that, similar to the gamma and alpha band a selectively distributed theta system in the brain is interwoven with multiple functions.
Delta oscillations in cognition
Thalamic neurons may discharge in the slow frequency range [Steriade et al., 1990] . Slow potentials have been recorded in cortical neurons [Birbaumer, 1990] . Delta responses are recorded in cats, hu- Schürmann et al., 1995] . Experimental data hint at functional correlates roughly similar to those mentioned for theta oscillations, i.e. mainly in cognitive processing:
(1) The responses to visual oddball targets have their highest response amplitude in parietal locations, whereas for auditory target stimuli the highest delta response amplitudes are observed in central and frontal areas [Başar, 1998 [Başar, , 1999 Schürmann et al., 1995] . (2) Cognitive functions: The amplitude of the delta response is considerably increased during oddball experiments. Accordingly, it was concluded that the delta response is related to signal detection and decision making . (3) In response to stimuli at the hearing threshold delta oscillations are observed in human subjects, consistent with the hypothetical relation to signal detection and decision-making [Başar, 1989 [Başar, , 1999 . (4) A waveform observed in response to deviant stimuli not attended by the subject, the mismatch negativity [Näätänen, 1992] is shaped by a delayed delta response superimposed with a significant theta response [Karakaş et al., 2000a [Karakaş et al., , 2000b . (5) Phase-locked delta responses are probably the major processing signals in the sleeping cat and human brain [Başar, 1980 [Başar, , 1999 Röschke, 1995] .
The topographic distribution of the results is again consistent with a distributed response system. The delta response obtained during a typical P300 experiment will be described in the following to give a good support about the cognitive nature of the delta responses. Details are given in [Başar, 1998 [Başar, , 1999 ; some examples follow in the next paragraph.
Example on auditory P300:
The P300 human response to a special type of auditory stimuli shows that delta responses can be considered as "real brain responses" with precise functional correlates. This was demonstrated in a study using an auditory oddball paradigm . Standard auditory EPs (delta response amplitude set to 100%) were compared with responses to oddball stimuli where the normalized delta amplitude was approximately 500% (see Fig. 15 and Table 1 ). This remarkable increase is an example of a major change in the frequency contents of an EP as mentioned in the beginning of this chapter. Taking into account the psychophysiological foundation of the P300 paradigm this hints at cognitive processing as a functional correlate of the delta response. The same conclusion was drawn from a study employing a visual oddball paradigm with standard versus target checkerboard stimuli [Schürmann et al., 1995] .
Superposition Principle and Superimposed Multiple Oscillations in Theta and Delta Frequency Windows in Cognitive Processes
In previous sections we have chosen different frequency windows in order to describe functional correlates of oscillations. We will emphasize now the role of multiple oscillations during cognitive processes. According to the principle of superposition, the existence of different peaks does not necessitate the existence of different functional structures; similarly, disappearance of peaks does not necessarily show that the functional groups have ceased their activity [Başar & Ungan, 1973; Başar, 1980] . The application of the superposition principle is shown in the example of the auditory evoked potential of the cat hippocampus of (Fig. 3) . Karakaş et al. [2000b] investigated the contribution of delta and theta responses to N200 and P300
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Basar et al. ERP components that are recorded from two topographical sites (F z and P z ). The results showed that it is the "interplay" between the theta and the delta oscillations that produces the morphology and the amplitude not only of the P300 but also the N200 component. Frequency Characteristics method showed that the dominant responses are in the delta and the theta bands. Consistent with these findings, delta and theta oscillatory responses exist in filtered waveforms in the Oddball (OB) and MismatchNegativity paradigms (MMN). (Fig. 16 ) Theta response amplitudes of the OB and MMN are comparable within each recording site: However, as with the theta response at the F z versus the P z recording site, the delta response at the P z versus the F z recording site is twice as large. According to the literature, the MMN and OB paradigms seemingly represent diverse paradigms. The cognitive/behavioral state of MMN is sensory processing, sensory memory and change detection [Näätänen, 1992] . In OB, recognition of some aspect of the environment is required; the cognitive/behavioral state of OB paradigm thus involves, besides the processes in MMN; attention allocation, short-term memory, "memory updating" for stimulus recognition and decision for a response [Donchin & Coles, 1988; Karakaş & Başar, 1998 ]. Recent results [Karakaş et al., 2000a [Karakaş et al., , 2000b demonstrated that the delta and theta oscillations exist as time-locked activities in both the MMN and OB paradigms and, further, at both the N200 and P300 latencies. These findings are consistent with another statement of the theory of oscillatory neural assemblies according to which cognitive functions are represented by multiple oscillations .
Findings of the study by Karakaş et al. [2000a Karakaş et al. [ , 2000b further showed that the delta response contributes to the amplitude at the P300 latency and congruently, that it varies in amplitude with task-relevant responding that necessitates conscious stimulus evaluation and memory updating.
The work of groups with Klimesch, Gruzelier and Chen confirm and elegantly extend functional relevance of function related multiple oscillations [Gruzelier, 1996; Klimesch et al., 2000; Chen & Hermann, 2001 ].
Selectively Distributed and Selectively Coherent Oscillatory Networks
The description of integration needs morphological, functional interrelation in defined durations in the time space; the degree of interactions between two signals can be measured by coherence [von Stein & Sarnthein, 2000] . Coherence is a statistical measure: the value of coherence depends on the amount of repeated correlations between events in the frequency domain. The phase relationship between the two signals is less relevant, however it must be stable. Since the signal at each electrode in intracranial recordings mostly reflects the network activity under the electrode, coherence between two electrodes should measure interactions between two neural populations. The statistical nature of coherence helps to unravel them from noise if they repeat consistently [von Stein & Sarnthein, 2000] . If two brain locations are coherent, one of the locations drives the other or they reciprocally cooperate. They can be also coherently activated by a common driver [Bullock & McClune, 1989] . For interpretations of measurements with scalp electrodes the view of Srinivasan et al. [1998] has to be taken into consideration. Findings of our research groups [Başar et al., 1979; Başar, 1980 ] demonstrated long distance coherences in alpha, beta, theta and delta frequency ranges in structures such as sensory cortices, hippocampus, and brain stem in waking and freely moving or sleeping cats. Their strength depends on stimulation modality and recording sites. During the waking stage the coupling (and/or synchronization) of resonant responses from various nuclei in the alpha and beta frequency ranges can also be demonstrated by using the coherence functions between all possible pairings of spontaneous and evoked activities in the structures as GEA, MG, IC, RF HI. (Fig. 17) , which presents results of a typical experiment, the coherences in a frequency range of 3-60 Hz for spontaneous activities and evoked potentials of all possible pairings of the studied brain structures are illustrated. Due to the reasonably large number of single sweeps included in the computation of averages and due to the spectral window used, the auto and crossspectral amplitudes have been adequately smoothed and a significance value of 0.2 has been attained for all the curves. Therefore, the area under the coherence function is darkened only if the curve surpasses this value in order to give emphasis to those parts of the curves above the significance level. One recognizes immediately, that in the alpha (8-14 Hz) and beta (14-25 Hz) frequency ranges the coherency has usually high values between 0.5 and 0.9 for evoked responses. However, the coherence between spontaneous activities of the same pairings of nuclei has definitely lower values. In the alpha and beta frequency ranges, the coherence of the spontaneous activity barely reaches 0.3 in a few cases. In other words, there exists an important coherency increase upon stimulation. During the slow sleep stage the evoked coherences between all brain structures were shifted to slower delta frequency range [Başar et al., 1979; Başar, 1980] .
The term "Theory" may be used to signify any hyphothesis whether confirmed or not, or may be restricted to hyphotheses that have been strongly confirmed as to become part of the accepted doctrine of a particular science. In its best use, it signifies a systematic account of some field of study, derived from a set of general propositions. These propositions may be taken as postulates, as in pure mathematics, or they may be principles more or less strongly confirmed by experiences, as in natural science [from Encyclopedia Britanicae].
The neurons-brain theory decribes a systematical account of measurements on electrical activity of neural assemblies, and incorporates also proposals derived immediately from measurements. Accordingly, in Table 2 we underline some principles on electrical activity of neural assemblies, that are derived from measurements. and a given function is often manifested by means of multiple oscillations [Klimesch, 1999 . Principle of superposition is confirmed by several publications [Karakaş, 2000a [Karakaş, , 2000b .
A natural consequence of the Neurons-Brain Theory (or Brain Assemblies Theory) is the supersynergy in oscillatory dynamics. The proposition or a model for the electrical manifestation of the grandmother percept is based on evident facts: Research shows that the increasing complexity of percepts are accompanied with increased number of multiple oscillations in parallel with increased number of activated neural populations. Although the proposal related to the perception of the grandmother is a fictive one, it is anchored on tenable arguments: May the grandmother percept involve multiple and distributed oscillations instead of the firing of a unique cell [Stryker, 1989] ? A semiempirical approach to the explanation of the grandmother percept would be through the concept of super-synergy.
According to results described in the previous reviews selectively distributed and selectively coherent oscillatory networks in the delta, theta, alpha, beta and gamma bands play a major role in brain functioning. Sensory and cognitive events evoke superimposed multiple oscillations that are transferred to spatially distributed tissues almost in parallel with various degrees of amplitude, latency, duration, synchronization and coherence. Sakowitz et al. [2001] reported significant gamma response amplitude increases in distributed areas of the brain and a 100% frontal theta enhancement by bimodal stimulation compared to unimodal one. [Başar et al., 1993] reported that retrieval of visual experience from short-term memory is associated with 40 Hz activity. The coherences between different spatial locations of the brain vary as these areas are activated with different classes of stimuli (haptic and visual) in an associative learning task 
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Klimesch, [1999, 2000] [ Başar, 1988] . Such findings experimentally substantiate the submechanisms that have been outlined above. Accordingly, we suggest that complex percepts (such as the visual image of one's "grandmother") are formed and/or manifested by means of the ensemble of oscillatory superbinding dynamics.
In the adjacent column to the proposal to Grandmother or to Perception of Gestalt, the complex memory function (episodic and semantic memory) is placed. This arrangement of the table is in accordance with the references indicating the increasing number of involved populations and frequency windows with the increased complexity at the functional level.
In search of experimental support for the hypothesized distributed alpha response system [Başar, 1999] we measured EEG responses to visual stimuli in the cat brain (with intracranial electrodes in cortical, thalamic and hippocampal sites). Alpha responses (10 Hz oscillations of 200-300 ms duration) were observed not only in occipital cortex and thalamus, but also in hippocampus. Remarkably, hippocampal alpha amplitudes were higher in amplitude than thalamic ones, and the coherence of hippocampus-cortex was higher than the evoked coherence between thalamus and cortex .
Coherences increased significantly upon visual stimulation in delta, alpha, beta and gamma frequency ranges; (2) hippocampo-cortical coherences were significantly higher than thalamo-cortical ones for the alpha (HI-OC: 0.28 versus LG-OC: 0.15), beta and gamma frequency ranges; (3) the effect of the interaction of channel and experiment factors, which refers to the differences of coherence changes upon stimulation between the two electrode pairs, was only significant in alpha and beta frequency ranges. Upon visual stimulation, the alpha coherence HI-OC increased to 0.41, whereas the coherence LG-OC increased only to 0.18 (see Fig. 18 ).
These findings demonstrated also that during sensory stimulation the recordings between various structures showed varied degrees of coherence, thus indicating the interaction between two structures Kocsis et al., 2001] . "Varied degrees of coherences" lead to the concept of selectively coherent oscillatory networks. The important role of functional integration and frequency response of long-range interactions in the alpha and theta ranges in processing of the mental context is also emphasized by confirming our long-standing view [Başar, 1980 [Başar, , 1999 von Stein & Sarnthein, 2000] . In the gamma frequency range coherences between different spatial locations of the brain vary as these areas are activated with different classes of stimuli (haptic and visual) in an associative learning task [Miltner, 1999] .
Distributed Oscillatory Systems in the Brain and Distributed Memory
Event-processing in distributed systems
The synchrony of selectivities described earlier by our group could have a conceptual parallel in "selectively distributed processing" in neurocognitive networks [Mesulam, 1990 [Mesulam, , 1994 . In Mesulam's neurological model of cognition, the unimodal areas of cortex provide the most veridical building blocks of experience. Transmodal nodes bind information in a way that introduces temporal and contextual coherence. The formation of specific templates belonging to objects and memories occurs in distributed form but with considerable specialization. This arrangement leads to a highly flexible and powerful computational system, which underlies the selectively distributed processing. In our earlier work, we often used the expression or concept of distributed oscillatory systems and their resonance as selective activities. According to Mesulam, functional selectivities exist in distributed functions that are based on the anatomy. The electrophysiological activity of selectively distributed systems must be also of selective behavior. Accordingly, oscillatory response susceptibility of the sensory cortices, of the hippocampus, thalamus or cerebellum should also be differentiated, depicting selective behavior to stimulation from the milieu interieur or exterieur.
Memory and information:
Working memory systems and long term memory system
In this report it is impossible to describe all current theories related to memory functions. Therefore, we issue only short statements by describing some of the current developments only pertinent to brain dynamics electrophysiology and fMRI studies undertaken; in order to explain the relation of selectively distributed oscillatory systems with memory processing. Two basic aspects of memory processes will be distinguished [Klimesch et al., 1994] . The first refers to processes of the working memory system (WMS), the second to that of the long-term memory system (LTMS). Probably any cognitive process depends on the resources of both systems. As an example, let us consider an every day cognitive process such as recognizing a familiar object. The basic idea here is that after a sensory code is established, semantic information in long-term memory (LTM) is accessed which is used to identify the perceived object. If the matching process yields a positive result, the object is recognized which in turn leads to the creation of a short-term memory (STM) code. It is also important to mention Baddeley's concept of working memory, which comprises an attentional controller, the central executive and subsidiary slave systems [Baddeley, 1986 [Baddeley, , 1992 .
fMRI studies related to memory function
For fMRI investigations in humans, Courtney et al. [1997] presented subjects with pictures of human faces, and asked them to recall whether the picture being shown was the same, or different, from one that had been presented eight seconds earlier. The authors found that activations in the prefrontal areas correlated most strongly with delay periods, compared with activations in the visual areas, which were more strongly correlated with sensory stimulation. Cohen et al. [1997] presented subjects with written consonants, one at a time every ten seconds, and asked them to judge whether each consonant was the same as a letter presented one, two or three trials back in the sequence. This task requires that subjects remember the order of consonants, as well as their identity. The farther back in the sequence the consonant to be recalled occurs, the greater the "load" on working memory. These authors showed that activations in the prefrontal cortex are maintained throughout the ten-second interstimulus interval and, importantly, that the degree of prefrontal activation is higher for the conditions with the greatest memory load. By contrast activations by the primary visual, somatosensory and motor cortices, as well as in several secondary regions, are not sustained across the ten-second-interval, and they are not related to memory demand. They are probably responsive to the sensory or perceptual, but not memory-aiding, aspects of working memory tasks. Further, according to the fMRI results in [Courtney et al., 1997] early extrastriate visual areas demonstrate transient, relatively non-selective responses to complex visual stimuli and later extrastriate visual areas demonstrate transient, selective responses to faces, indicating a more specialized role in the processing of meaningful images, and both extrastriate visual and prefrontal cortical areas demonstrate sustained activity during memory delays, indicating a role in maintaining an active representation of the face in working memory.
According to Fuster's view stating that memory reflects a distributed property of cortical systems and to our view outlined in the present paper it can be hypothesized that the selectively distributed oscillatory systems (or networks) may provide a general communication framework that can be a useful concept for functional mapping of the brain [Mesulam, 1990 [Mesulam, , 1994 .
Communication in these networks might contribute to the formation of specific templates belonging to objects and memories. According to a model of cognition, this formation occurs as selectively distributed processing with considerable specialization and in anatomically differentiated localizations [Mesulam, 1990 [Mesulam, , 1994 (for details about memory as a distributed property of cortical systems see also Fuster [1997] ). In particular, analysis of the hypothetical distributed oscillatory systems may lead to fundamental functional mapping of the brain, complementary to morphological studies.
EEG-oscillations and memory
As one can extract from Mesulam's and Fuster's work, there must be common codes for perpetual signal transfer between neural networks for parallel and serial processing and also for possible reverberation circuits and loops between neural networks. Oscillations might serve as adequate codes for this general communication by putting the networks to resonate.
A more general view is that functional or oscillatory network modules are distributed not only in the cortex but also in the whole brain [Başar, 1998] . In the following, we will try to discuss an electrophysiological parallel between Fuster's "memory network" and the distributed oscillatory systems mentioned earlier.
When analyzing the field potentials it is difficult to define boundaries of brain nuclei and their electrical activity. Nevertheless, this approach is useful, since a great amount of data can be collected and interpreted from several electrodes distributed in the brain. Furthermore, it is possible to perform measurements during continuously changing cognitive states. This way, EPs or EEG segments are recorded in the cortex, limbic system, and thalamus, and cerebellum. They can be compared in waking and freely behaving animals.
This type of recording during behavioral states cannot possibly be managed with recordings of single cell electrodes. Studies on functional correlates of structures like sensory cortices, hippocampus, and thalamic relay nuclei are mostly based on experiments using unit recordings. A major difficulty concerning the interpretation of experiments with single unit recordings (for example, experiments on cortico-thalamic information transfer) is that the results are limited to a few neurons. Accordingly, we assume that every hypothesis on the localization of "thalamo-cortical circuit as 10 Hz generator" is restricted and not acceptable with regard to the results of experiments described in this article: The alpha, theta and gamma generators are selectively distributed in the brain. Başar [1999] reviewed several classifications of memories given by distinguished memory investigators in order to find a strategy to explore the electrophysiology of distributed memories. He concluded that the brain oscillations in EEG and ERPs could provide a good foundation to attack the problem both at the neurophysiological and psychological levels since brain oscillations have similar frequency codes in the whole brain. Remembering and memory are manifestations of various and multiple functional processes depending on the complexity of the input to the CNS. Already the brain's electrical response elicited by means of a simple light stimulation is related to memory processes at the lowest hierarchical order. When we talk about a memory process -either a short-or long-term one -then we have in our mind the perception of a sensory input, which is matched with information already stored in the neural tissue. If a simple light evokes alpha and gamma responses then it is almost obligatory to assume that elementary oscillatory responses are also manifestations of several memory processes at different hierarchical levels. The topology of the memories depending on the modality of the input must be different (see examples given above: cross modality experiments; measurements in cortical and subcortical structures).
So far, such studies have rarely been performed, the multiple distributed memories cannot be treated in detail and a classification on all levels of distributed memories cannot be provided yet.
In performing many complex tasks, it is necessary to hold information in temporary storage to complete the task. The system used for this is referred to as working memory [Baddeley, 1996] . Working memory is the temporary, ad hoc, activation of an extensive network of short-or longterm perceptual component of that network as any other perceptual memory, would be, retrievable and expandable by a new stimulus or experience. Fuster states that working memory has the same cortical substrate as the kind of short-term memory traditionally considered as the gateway to long-term memory.
According to the functional descriptions above, a simple light stimulation, or a complex light stimulation or a light stimulation with some tasks (event) should evoke oscillatory responses with different time hierarchies. Our view is that functional or oscillatory networks modules are distributed not only in the cortex but also in the whole brain [Başar, 1999] .
The detection of a target signal during a P300 type of experiment requires also a type of working memory. The subject has to sustain knowledge related to the target (nature of the target, frequency, shape, color, etc, depending on the type of the experiment) during the experiment. The linkage between P300 amplitude and latency measures and working memory processes has been already established [Sanquist et al., 1980; Howard & Polich, 1985; Pratt et al., 1989; Fabiani et al., 1990] . The matching process after the detection of the target should rely in this case on working memory.
Multiple functions of event-related oscillations and multiple functions of memory: Convergence of concepts
To see something, even the simplest light signal, is already a memory process related to a fundamental in-born retrieval process: a baby perceives the light and show reflex responses to light before going through learning processes. This is probably a basic decoding process.
In Fig. 19 responses to target and non-target stimulation (upon checkerboard stimulation) in alpha and delta frequencies are shown. The occipital 10 Hz response is large in posterior areas (related to vision). The delta response however is distributed, being most marked in posterior areas upon target stimuli. As explained above, the target signal also requires working memory processes. So the fact that delta responses are most marked in posterior areas hints at selective distribution of "memory oscillations". Ample occipital 10 Hz responses are not recorded in frontal locations indicating that the frontal lobes are not involved in primary visual processing. This response is a sign of perceptual memory: When no visual perception occurs, then there are no 10 Hz responses.
As to the delta response in the auditory P300 paradigm, a distributed highly enhanced response in the whole cortex is observed , the maxima being in frontal and parietal areas. The auditory 10 Hz signal to auditory signal is missing. This findings again indicate a functional selective distribution 10 Hz responses are recorded in primary sensory areas, frontal and parietal delta areas.
As to the theta response the findings are yet more complicated to interpret: In the auditory P300 paradigm only target signals have a prolonged theta oscillation (second window) marked in parietal and frontal recording indicating a correlation to working memory. In experiments where subjects pay attention to the third applied signal in an evoked potential experiment, the third attended signal show ample theta increases again especially in frontal location. In this report it is not our aim to differentiate the functional roles of theta and delta responses in working memory processes; we solely indicate that this oscillatory responses are selectively distributed depending on the memory load required during the experiments.
A P300-40 Hz response is visible in Fig. 7 . This figure illustrates the superposition of theta and gamma response following omitted stimuli as targets. The combination of gamma and delta response oscillations are here again involved with working memory.
These findings have remarkable parallelities to fMRI experiments showing topographical functional selectivity [Goldman-Rakic, 1997 ]. Moreover, it is possible to define the working and perceptual memory components in a time window already
Fig 19
Basar et al. 100 ms upon a memory load. At least two types of memory responses with a time hierarchy is observed (1) sensory (perceptual) memory oscillatory response and (2) late window responses related to working memory. This time hierarchy occurring in the 1 sec period following stimuli, are not reflected in fMRI studies, and not found in conventional ERPs that, in the best case, allow analysis of two relevant peaks.
The "Super-Synergy" is a Spatiotemporal and Functional Organization of Multiple and Distributed Oscillations in the Brain
In current neuroscience literature an important question is how the activities within and between those separate processing areas are unified in momentary association to form a coherent representational state -the neural basis of a perception. "Binding" is assumed to get delineated by recombination of a neural image of the stimulus as a whole. Synchronized activity is linked to the stimuli that evoke it; only those activities evoked by stimuli with common stimulus features are bound together in a dynamically formed ensemble. The current literature in favor of the so-called "binding theory" considers the binding as the unique functionale correlate of only gamma activity and is based on experiments with multiple microelectrodes in small portions of cortical areas [Eckhorn, 1988; Singer, 1995] . Although this view is interesting, the results of many laboratories presented in the present review clearly show that even the most simple percept is manifested with multiple oscillations in a large amount of selectively distributed oscillatory networks and long distance coherences [Başar et al., 1979; Başar, 1980; Schürmann et al., 2000; Kocsis et al., 2001] . The binding of percepts cannot be solely explained with the binding of 40 Hz oscillations evoked by the complex features of perceptual targets processed in separate neocortical areas. The neurons-brain theory is a consequence of measurements related to the oscillatory activity of neural populations, in both human and animal experiments (see the companion report [Başar, 2003] ). Our research group introduced already in 1970s the notion of distributed and parallel processing and multiple coherent oscillations [Başar, 1980 [Başar, , 1983 [Başar, , 1992 Başar et al., 1999 Başar et al., , 2000 Başar et al., , 2001a Başar et al., -2001d . The consequence is that extremely large number of combinations of oscillatory parameters is manifested by sensory-cognitive information processing.
The crucial implication of all referred results in this report is that the explanation of complex percepts with 40 Hz binding leads to a reductionism. Because long distance event-related coherence increases in alpha, beta, theta, delta and gamma in distributed networks are also selective [Başar et al., 1979; Başar, 1980; Schürmann et al., 2000; Kocsis et al., 2001] . Accordingly the consideration of numerous selectively distributed oscillatory networks with varied degrees of event-related enhancements and varied degree of coherency as manifestation of complex percepts is a much more tenable proposition. At every cognitive and sensory event not only primary sensory areas but also at least frontal areas are also activated as fMRI and electrophysiological data clearly demonstrated [Courtney et al., 1997; Başar et al., 2000] . It was shown that complex signals and associations (also remembering) are accompanied with large increase of frontal theta and delta, not only in occipital theta or gamma. Instead, the huge alpha increase in occipital regions is not registered in frontal alpha. In animals, complex events are accompanied with increase in frontal and hippocampal theta oscillations additional to gamma and alpha.
In the analysis of distributed and parallel processing it was assumed that EEG goes from a disordered state (chaotic state with large dimensions) to an ordered state upon application of sensory cognitive signals [Başar, 1980] . For short EEG segments, calculation of wavelet entropy -a new emerging method -demonstrates that, upon application of sensory cognitive signals, the EEG goes from a disordered state to an ordered state. The distribution of entropy changes are also a part of differentiated parallel processing. However, preliminary results show that the entropy distribution does not necessarily coincide with the distribution of brain oscillations [Quiroga et al., 1999 Rosso et al., 2001] . The results show that the distribution of theta entropy is also selective upon complex stimuli, the frontal areas showing the largest entropy decrease following complex stimuli ( [Yordanova et al., 2002 ] also see [beim Graben, 2000] ).
Taking together all these results on parallel processing we tentatively hypothesize that the complex percepts are manifested with a supersynergy consisting of an ensemble of (at least) six submechanisms acting parallel or in synchronization upon sensory-cognitive input. It is proposed that the coexistence and cooperative action of these interwoven and interacting submechanisms partly explain the mechanisms of integrative brain functions:
A natural consequence of the stated rules of the neurons-brain theory is explained in the former sections as "super-synergy". The long distance event-related coherence increases in alpha, beta, theta, delta and gamma in distributed networks are also selective. Thus, selective distribution applies not only to the amplitudes of oscillations or their frequency components but also to their coherences [Başar, 1980 [Başar, , 1983 [Başar, , 1988 [Başar, , 1998 Başar et al., 1975 Başar et al., , 1979 Schürmann et al., 2000; Kocsis et al., 2001] . Consequently, sensory and/or cognitive information processing is manifested in a complex signal that is formed from the combination of an extremely large number of oscillatory parameters; thus the concept, "oscillatory superbinding dynamics".
The super-synergy comprehends an ensemble of at least five mechanisms that act in synergy upon sensory-cognitive input. It is proposed that the coexistence and cooperative action of these interwoven and interacting submechanisms is a manifestation of integrative brain functions. The submechanisms and/or related processes are as follows:
(1) The superposition principle that includes the alpha, beta, gamma, theta and delta bands Karakaş et al., 2000a Karakaş et al., , 2000b Klimesch et al., 2000; Chen & Hermann 2001] . (2) Activation of more than one selectively distributed oscillations in gamma, alpha, theta and delta bands upon exogenous or endogenous input. These activities are mani-fested with a multifold occurrence of parameters such as enhancement, delay, blocking (desynchronization), and prolongation [Başar, 1980 [Başar, , 1999 Başar et al., 1999 Başar et al., , 2000 Başar et al., , 2001a Başar et al., -2001d . The ensemble of oscillations and amplitude of oscillations usually increase as the complexity of the stimulation increases or the recognition of the stimulation becomes more difficult. (3) Temporal and spatial changes of entropy in the brain [Quiroga et al., 1999; Yordanova et al., 2002] . (4) Temporal coherence between cells in cortical columns for simple binding [Eckhorn et al., 1988; Gray & Singer, 1989] . (5) Varying degrees of spatial coherence that occur over long-distances as parallel processing [Başar, 1980 [Başar, , 1983 Başar et al., 1999; Miltner, 1999; Schürmann et al., 2000; Kocsis et al., 2001] . (6) Inverse relation between EEG and Event Related Potentials, EEG being a control parameter for responsiveness of the brain.
Thus, integrative brain function occurs over a spatiotemporal organization. The principle of superposition describes integration over the temporal axis, consisting of temporal relationship between the amplitude and phase of oscillations in various frequency bands. Furthermore, selectively distributed and selectively coherent oscillatory neural populations describe integration over the spatial axis. Consequently, integrative activity is a function of the coherences between spatial locations of the brain; these coherences vary according to the type of sensory and or cognitive event and possibly the consciousness state of the species.
The empirically founded submechanisms are accompanied by the formation of a percept or in general of all cognitive events. This is realized through combinations of the response parameters among which are the varying strengths in the associative links between brain structures. The number of combination that these variables form leads to an enormous amount of neuroelectric configurations. Spatiotemporal and functional organization of multiple and distributed oscillations in the brain inevitably leads to superbinding as a way to explain the integrative activity of the brain during the formation of percepts and other cognitive events.
We denote tentatively "superbinding", the combination of mechanisms of (1) superposition, (2) activation of selectively distributed oscillatory systems and (3) the selectively distributed long distance coherence. All these processes are interwoven along the time axis as large numbers of data demonstrated.
Consequently, sensory and/or cognitive information processing is manifested in a complex signal that is formed from the combination of an extremely large number of oscillatory parameters; thus the concept, "oscillatory superbinding dynamics".
Preliminary hypothesis for
"Grandmother cell or grandmother cell assemblies"
The grandmother neuron is a neuron that responds to nothing else but the face of one's grandmother. Barlow [1972] , stated that the sensory system is organized to achieve as completely as possible a representation of the sensory stimulus with a minimum of active neurons. According to his view, perception consists of achieving a selection from the very numerous high-level neurons corresponding to a pattern of external events of the order of complexity of the event that is symbolized by the word "grandmother" [Lettvin et al., 1959] . According to what Mountcastle [1992] called a "paradigm change in neuroscience", the role of neural assemblies gains an important rank in the functional studies. Damasio and Damasio [1994] state that our brains use dynamic records, rather than static, immutable memory traces. For example the record of the face of a person is a set of neuron circuit changes which can be reactivated, rather than the "picture" that is stored somewhere in the brain.
The theory on the existence of the selectively distributed alpha and theta and 40 Hz systems of the brain has been formulated on the basis of progressive developing results and publications (references). Further, the existence of EEG-modules (active in parallel and selectively -or diffusely -distributed in the brain) was proposed. EEG oscillation-modules, in this context, are neural populations giving rise to coherent EEG activities in different frequency channels [Başar, 1999] .
We assume that the EEG oscillations which can attain coherent states belong to functional repertoires of the higher brain function. The superposition of several of these signals makes it possible to connect behavioral events with an ensemble of event-related oscillations. Since the ERPs are now very popular for scientists of psychophysiology who use a diversity of psychological paradigms, the consideration of EEG dynamics can bring a deeper understanding to the correlation between cognitive performance and physiological states.
According to Szentagothai, connections are established between vertical columns and modules. These connections can also link frontal areas to occipital ones. Now the question is whether the hypothesized EEG generating modules in the frontal and occipital areas are also connected. If event-related 10 Hz oscillations are measured in occipital and frontal areas, then it is certainly legitimate to postulate such modules and neural connections between these modules. The same possibility also exists in theta, delta, and gamma frequency bands. With the knowledge presented in Başar [1998] it is not possible to clearly indicate that the modules described by Szentagotai also serve for processing information in the EEG frequency channels. Volume conduction between modules as distant as occipital and frontal cortices is unlikely. Accordingly, the high amplitude delta responses following target signals in P300 experiments must have different local generators. Furthermore, it is probable that neural impulses can reach several parts of the cortex following an event and generate in cortical areas oscillatory responses in various frequency channels depending on the sensory information or task.
According to experiments described in Başar [1980] gamma activity is not recorded only in a small given brain population but in widely distributed neural populations. The 10 Hz resonances are also widely distributed and depend on functions processed in the brain. Depending on "regimes" or "states" of the brain, the limbic system, brainstem, thalamus, and cortex are all involved with 2 Hz, 4 Hz, 10 Hz, and 40 Hz firing or with all of them. The distribution of coherently working EEG modules does not take place only in the cortex; we assume that they are selectively distributed in the entire system.
One of the examples is the frontalhippocampal-parietal-system, which gains a highly organized theta state during attentive processes. By combining examples and concepts arising from the analysis of EEG and evoked potential responses, we aim to extend from modular concepts to modular frequency systems operating in the entire brain. This is a new approach based on measurement of field potentials that reflect the activity of large neural populations [Başar, 1998 [Başar, , 1999 . These neural populations can also be interpreted as functionally active modules. These explanations are based on the different frequency systems of the brain which are not defined in space and time precisely. But even then, such explanations seem more efficient in explaining the dynamic aspect of the percepts.
In this report we have described numerous types of oscillatory activities with definitive or tentative explanations of their functional relations. The results from several laboratories clearly demonstrated that it is not possible to assign a single function to a given type of oscillatory activity. These oscillations have multiple functions and may act as universal operators or codes of brain activity. Besides frequency and site of oscillations, several other parameters are dependent on specific functions, namely enhancement, time locking, phase locking, delay and duration of oscillations.
Stryker [1989] raised the question "Is grandmother an oscillation?" by commenting that neurons in the visual cortex activated by the same object in the world, tend to discharge rhythmically and in unison. Concerning the question at the beginning of this section, our hypothesis about the functional role of event-related brain oscillations is as follows: Complex and integrative brain functions are manifested in the superposition of several distributed multiple oscillations. According to the studies reviewed above, ] the observation of the grandmother picture would activate oscillations, not only in the visual cortices, but in all parts of the brain (probably including fronto-parietal delta, occipital alpha, theta and gamma oscillations). It was shown that complex signals and associations (also remembering) are accompanied with large increase of frontal theta and delta and not only in occipital theta or gamma. Instead the huge alpha increase in occipital regions is not registered in frontal alpha. In animals, complex events are accompanied with increase in frontal and hippocampal oscillations. According to these considerations, Fig. 20 presents the hypothetical distributed oscillations in the human cortex. Accordingly, distributed neural groups of all frequencies have to be involved in the processing of this complicated percept [Desmedt et al., 1994; Dinse et al., 1997] .
The changes in the duration of oscillations (delays or prolongation) were not presented in this hypothetical description. This illustration was a tentative approach, a design based on results that already exist in references. For example (1) Increase of frontal theta and/or gamma by complex stimulation, (2) the increase of occipital alpha by visual stimulation while θ remains small, (3) increase of θ in association areas during cognitive inputs are explained in references (see ).
The illustration of Fig. 20 gave a rough idea of the probable superposition of multiple oscillations that are selectively distributed in various parts of the cortex. In the meantime, we started preliminary experiments to measure event-related oscillations upon presentation of the grandmother face. We will describe the preliminary results in the next Sec. 7. We reproduced this hypothetical illustration in order to demonstrate the validity of the neurons-brain theory and the prediction-power of the concept of "super-synergy-in the whole brain".
Grandmother-Paradigm and Gestalt-Experiments
According to our hypothesis of "superbinding" in integrative brain function the grandmother picture would activate selectively distributed and coherent oscillations in "the whole brain", frontal theta response, occipital alpha response and distributed gamma, being major components [Başar, 2001a [Başar, -2001d . This hypothesis was recently tested by recording Event Related Oscillations of 10 selected subjects by random sequence of presentations of three stimulations: (1) the picture of an elderly anonymous lady, (2) the picture of own grandmother and (3) simple light.
Experimental strategy
We designed a strategy with the application of three experimental data recording-sets and three different types of stimulations. The stimulations consisted of,
(1) A simple light signal, its luminance being approx at the same level of the stimulations 2 and 3 described in the following. (2) A stimulation signal containing the face of an anonymous elder lady. (3) The face of own grandmother. The subjects were known, healthy, young people, in the age of 15-32 years. The pictures of the face of own (genuine) grandmother of the subjects were prepared prior to measurements.
Electrophysiological recording
The EEG was recorded from Ag/AgCl electrodes at F 3 , F 4 , C z , C 3 , C 4 , P 3 , P 4 , O 1 and O 2 locations according to the 10-20 system [Jasper, 1958] . The electrodes were affixed with Grass electrode paste. Linked earlobe electrodes served as reference. Electrode impedance did not exceed 5 kV. EOG medial upper and lateral orbital rim of the right eye was also registered. The EEG was amplified by means of a Nihon Kohden EEG-4421 G EEG apparatus with band limits 0.1-70 Hz 24 dB/octave. The EEG was digitized online with a sampling rate of 250 samples per second and stored on the hard disc of the computer for offline EEG analysis. An additional notch filter 36 dB octave was also applied to remove the mains interference. For the recording of EOG, the time constant 0.3 s with a low pass filter at 70 Hz was used. All channels were displayed on paper and online by monitor scope in order to observe both single trials and averaged signals. An additional EMG recording was carried out in order to estimate the contribution of the motor potentials to the main recording.
The first data recording set (random set): All three stimulations described above have been applied in a random sequence with intervals varying between 3.5 and 4. The second data recording set (regular set): In the first subset of recordings 30 light signals, in the second subset the anonymous face, and in the third subset picture of own grandmother stimulation have been applied.
In all experiments subjects reported that they had clearly recognized and differentiated the face of their own grandmother. The results were analyzed by digital filtering of data firstly in five frequency windows of the EEG-convention. The unfiltered conventional EPs showed important topological differences in all type of stimulations. However, in this report for the sake of simplicity we will describe globally only the filtered EPs that showed more differentiated results. This is important in order to understand the distributed nature of manifestations to grandmother percept. Accordingly, (1) the phase delay, (2) the increase of delta in posterior areas in face and grandmother in comparison to light stimulation belong to important findings in this strategy of experiments.
Topology of theta responses
Frontal theta responses also show important differences for three types of stimuli: Theta response to simple light stimulation is significantly smaller but more prolonged to Face stimulation. Frontal theta is largest in the grandmother response (approx 8 microvolts pp). Second largest is the frontal theta, which is only 5% lower. Theta response is decreasing from frontal to posterior areas.
In frontal area the grandmother response is 15% larger in comparison to simple light and 70% larger in comparison to face response. However we have to note that frontal face theta response is more prolonged in comparison to other stimulations. In central, parietal and occipital areas theta responses have also more prolonged character in face-response and grandmother-response in comparison to lightresponse. There is a second time window peaking at around 300 ms in face and grandmother responses. Occipital light response is significantly higher in comparison to face and grandmother (60%). The most important finding in this frequency range is the significant dominance of frontal response. Note also that the frontal theta response is the highest, and the second large one is the C z response.
Topology of alpha responses
Frontal alpha responses to light-stimulation are not phase-locked to stimulus, they are delayed and low in amplitude also showing longer duration in frontal light response. However, phase-locked and large alpha responses are present in responses to grandmother and face stimulations. F 3 and C z alpha responses to phase face and grandmother stimulations are approx 250% larger. Occipital alpha responses to grandmother face were very high and phase-locked at the signal application (0 ms). The results of light stimulation confirm our earlier data with significant enhancements (see Sec. 2). Upon face stimulation alpha response had lower amplitudes and are not phase-locked in contrast to light experiments, however the oscillation is prolonged (possibly second window). In F 4 , C 4 , P 4 and O 2 less distinguished alpha responses were observed.
Occipital alpha responses to grandmother showed approx 9 µV pp at the application of stimulation and phase-locked, almost congruent with occipital light alpha response. Note the similarity of alpha in light and grandmother stimulation in contrast to face stimulation. Occipital alpha response to grandmother face is approx 300% larger in comparison to anonymous face response. Occipital high alpha response reflects the process of iconic memory (phyletic and built-in, persistent memory). The occipital low and prolonged alpha response reflects the activation of semantic memory, a type of memory more abstract and in the case of an unknown face more difficult to identify and recognize. The low alpha amplitudes response may mean that the numbers of neural populations activated are smaller and have less synchrony in comparison to grandmother activations. The prolongation of alpha response possibly means that the occipital area is engaged or works for a longer period to identify the yet unknown face. The same interpretations are also valid for frontal theta response described in the former section.
Distributed beta and gamma responses
The preliminary findings in the beta and gamma frequency ranges also manifest selective topological distribution similar to those in lower frequency ranges. However, the results show larger individual fluctuations, accordingly, we shortly mention important features without illustrations.
Frontal and C 4 beta responses upon light were not significant, however in P 4 and O 2 1 µV pp responses were seen, P 4 beta response was also observed, but was less clear in comparison to C 4 and O 2 . Gamma response to grandmother picture showed a clear pp 0.7 µV response in the grand average of C 4 , P 4 gamma-response being also a distinct one. C z , C 4 and P 4 gamma responses had highest amplitudes upon face stimulation.
What are the grandmother
experiments saying? A distributed template of memory reactivation?
The preliminary, however tenable consequences of the so-called "Grandmother experiments" cannot be fully described in this report. However we will indicate the most important and relevant consequence: The "Whole Brain" and "All Oscillations" are activated during recognition or remembering of grandmother and anonymous face (at the beginning of experiments being an unknown face). The ensemble of responses behave as a three-dimensional construct, consisting of temporal, spatial and frequency spaces. The responses to anonymous face or to grandmother face are not represented solely by one location and a unique frequency or at the same position along the temporal axis, as differentiated delay and prolongation of multiple oscillations that are selectively distributed on the whole cortex show.
7.4.1. Selectively distributed enhancements in the whole cortex
The pictures of the grandmother and the anonymous face elicit in the whole cortex (and according to the data and interpretations in previous sections of this paper) varied degrees of enhancements in various frequency windows and recording sites. Accordingly, the distributed alpha, beta, delta, theta, beta and gamma systems are selectively activated, thus again demonstrating one of the important statements of neurons-brain theory [Başar, 2003] . Globally seen, selectively distributed enhancements of amplitudes in response to grandmother picture originate from a greater number of populations of activated neurons. This greater involvement of neural populations in all frequencies require probably a more ample distribution of memory activation.
The distinction between episodic and semantic memory
The distinction between episodic and semantic memory is appealing and suggestive of two separate memory systems, but the empirical evidence for corresponding neural systems is weak. Fuster [1995] states that this may be because these two implied memory systems are neurally inseparable. The phenomenology is somewhat obvious: The two kinds of declarative memory derive from, and blend into, each other without sharp transition. Even if they can be separated as distinct entities they maintain a dynamic interaction through life. Fuster emphasizes also the neural level: "The two memories may be based on the same cortical network, although perhaps different parts of it, different levels of representational hierarchy for explicit information. Nonetheless, it seems unwarranted to claim a separate cortical system or process for each". 7.5. The efficiency of the grandmother paradigm for differentiation of memory components or stages
This paradigm show that it can serve as a good strategy to check mental disorders due to memory reduction or complete memory-lost. The refinement of results and possible interpretations cannot be achieved by simple application of ERPs. Combination and comparison of results of the whole strategy, different recording areas and all frequency windows, consideration of enhancement, delays and prolongations are most useful parameters as stated in neurons-brain theory. They are all needed for a deeper understanding of memory activation or reactivated memory components. The components of memories are working in a given template comprehending the brain. They are major activation areas similar to major operating rhythms described by Başar [1999] : Frontal theta is the major operating rhythm, frontal theta response plays a major role in differentiating semantic and episodic memories. Alpha activity is the major operating occipital rhythm, it plays a major role differentiating the memory related to grandmother-episodic memory and to the semantic memory activated by faces.
Conclusion
The data obtained with the strategy of grandmother experiments do not favor the idea of simple binding as discussed in several papers and especially in the previous Sec. 6. The theory of super-synergy and superbinding predicted multiple frequency components selectively distributed in the brain. Our data fit clearly with the framework of super-synergy and superbinding in the brain. Therefore the shortcoming of the simple binding theory to explain complex percepts has been clearly shown. Two important points favor Hebb [1949] : (1) Increased electrical activity during learning and memory performance and (2) cooperation of larger long-distant neural populations.
The results and their differences are clear and show important differentiation even between the unknown and grandmother face. Accordingly the strategies of the Grandmother paradigm may open new horizons in search of memories or evolving memories, and possibly provide relevant clinical applications.
